The use of periodic acid oxidation followed by treatment with Schiff's reagent as a method for staining polysaccharides was first reported briefly by McManus (1946) and later in some detail by Hotchkiss (1948) . Hotchkiss did not find the procedure particularly satisfactory for bacteria, but considered that it worked very well with many other polysaccharide materials.
Despite the poor results reported with bacteria by Hotchkiss, this procedure appeared to be of possible use in staining bacteria in milk since it would stain only the bacterial polysaccharides and not the milk film itself. In some preliminary experiments using reagents prepared in a manner different from that Hotchkiss reported, the periodic acid-Schiff procedure worked fairly well as a bacterial stain but also stained the milk film rather heavily, resulting in poor contrast. Ostergren (1948) , DeLamater (1951) , and Kasten (1958) have reported that basic fuchsin can be replaced by other dyes in Schiff's reagent. Kasten found that any dye with a free amino group was capable of forming a Schiff-type reagent. Some of these were investigated in the present study and of the ones tested toluidine blue 0 and azure A gave the best results. These two gave excellent staining of bacteria with little staining of the milk. The staining techniques described in this paper will be of particular interest to dairy bacteriologists, but should also be of general value in bacteriology and cytology. g of sodium or potassium metabisulfite and 10 ml N HCl. Shake at intervals until straw colored, decolorize with charcoal, and filter. Store in a tightly closed bottle. 3. Other Schiff-type reagents: Dissolve 0.5 g of dye in 100 ml water, add 1 g of sodium or potassium metabisulfite and 10 ml N HCl. Shake for a few minutes and filter. Store in a tightly closed bottle and filter before using. This reagent works better if allowed to stand for 2 or 3 days before use. It should have a definite but not overpowering odor of SO2. An alternative procedure (Barger and DeLamater, 1948) , is to add 2 or 3 drops of thionyl chloride to a 0.5 per cent solution of the dye a few minutes before it is to be used and filter. These reagents generally do not keep more than a week or two.
4. Sulfurous acid rinse solution: Add 10 ml N HCI and 10 ml 15 per cent sodium or potassium metabisulfite to 180 ml water. Store in a tightly closed bottle. Stable indefinitely.
5. Periodic acid: Five-tenths g reagent grade in 100 ml water. Stable indefinitely.
6. Seventy per cent ethanolic dye solution:
Five-tenths g of azure A or toluidine blue 0 is dissolved in 70 ml absolute ethanol plus 30 ml of water. Stable indefinitely if stored in tightly closed container. 7. pH 4 dye solution: One-tenth g of toluidine blue 0 in 100 ml pH 4 MacIlvaine's buffer (prepared from 38.5 ml of 0.2 M disodium phosphate solution mixed with 61.5 ml of 0.1 M citric acid).
The dyes used were certified biological stains manufactured by the National Aniline Division, Allied Chemical and Dye Corporation.
Procedures. The two procedures described below were the most satisfactory of those studied in this laboratory. Procedure B using the pH 4 dye solution is the recommended method.
Before (Feulgen and Rossenbeck, 1924 ) reaction for deoxyribonucleic acid and the periodic acid-Schiff procedure for polysaccharides.
Both of these procedures were tried on nonfat dry milk in this laboratory. The Feulgen procedure did not show bacteria at all, although it effectively stained animal cells in the milk. The periodic acid-Schiff procedure stained the bacteria effectively, but also stained the milk film rather heavily so that contrast was poor. Nile blue A, safranin 0, thionin, azure A, and toluidine blue 0 were also tested in this procedure. These were all found by Kasten (1958) to be capable of forming Schiff-type reagents and they all worked satisfactorily in staining dry milk smears. Toluidine blue 0 and azure A were markedly superior to the others, however, in that they gave much less staining of the milk film and thus gave better contrast between the bacteria and milk. These latter two dyes are very similar chemically and may be used interchangeably in any of the procedures described in this paper.
The Schiff-type reagents have the disadvantage of being relatively unstable. After standing for a week or two, there was some tendency for them to deposit crystals of dye on the smears being stained. Freshly prepared reagents sometimes gave very poor staining but the results improved after the reagents were allowed to stand 2 or 3 days. This latter difficulty did not occur so frequently when the reagent was prepared by adding a drop of thionyl chloride to the dye solution. Tobie (1942) observed that an excess of SO2 in the solution interfered with the reaction of Schiff's reagent with aldehydes. This presumably occurs in the present case also and probably results from competition between sulfurous acid and the Schiff reagent for the free aldehyde. Despite the difficulties which sometimes appeared, the procedure using the azure A Schifftype reagent gives excellent results if carried out properly.
An alternative staining procedure for bacteria (procedure B) was developed which makes use of the apparent reaction of sulfurous acid with aldehydes. In this procedure the free aldehydes liberated by periodic acid oxidation are first allowed to react with a solution of sulfurous acid and then the smear is dipped in a solution of the dye. This procedure was tested with all the dyes previously used in Schiff-type reagents. The results were very similar to those obtained with the corresponding Schiff reagent. The procedure [VOL. 78 was also carried out using malachite green, crystal violet, and acridine orange. None of these gave satisfactory staining in this procedure and they also have been found not to form Schiff-type reagents. These results indicate that staining takes place through the reaction of the free amino group of the dye with the sulfurous acidaldehyde reaction product. The final product must be similar to that formed by the reaction of a Schiff reagent with an aldehyde. Toluidine blue 0 and azure A were once again markedly superior to any of the other dyes tested in this procedure. With these two, staining of the milk background was negligible. This method has the advantage that the reagents are stable indefinitely.
Acetic acid-alcohol fixation performs three important functions. First, it hardens the smear and fixes it firmly to the slide; second, it makes the milk proteins almost unstainable; and third, it smooths and clears the smear providing a featureless background. The latter is particularly useful in examining smears prepared from whole milk since these have a very irregular background when stained by conventional techniques and it is sometimes hard to distinguish bacteria from the background.
Smears are softened considerably by the periodic acid treatment and should be handled with reasonable care at this stage, although no more than the usual care in handling milk smears is required. At all other stages, they are firmly fixed to the slide and are not readily dislodged by even the most drastic treatment. With use of clean slides and proper fixation, no problems of sloughing are likely to occur. These procedures, although rather long, are quite simple to carry out and give uniformly good results.
Studies of the chemical specificity of the stains indicate that a large part of the staining of bacteria by these procedures is a result of direct staining of nucleic acids by toluidine blue 0. Toluidine blue 0 is widely used as a nucleic acid stain in cytology (Swift, 1955) and under proper conditions (smears fixed in acetic acid-alcohol and stained with dye buffered at pH 4) is considered quite specific for nucleic acids. Alcoholacetic acid fixation suppresses ionization of carboxyl groups of proteins, rendering them unstainable by basic dyes, while the more acidic phosphoric acid groups of the nucleic acids still are ionized and retain their ability to take up basic dyes.
In experiments in this laboratory, it was shown that excellent staining of bacteria could be obtained after fixation with alcohol-acetic acid using either dye buffered at pH 4 or a 70 per cent ethanolic solution of dye. The full periodic acid-S02-dye procedures, however, in many cases gave better delineation of cell walls on pure cultures of bacteria and were definitely superior for use on bacteria in dry milk. The effectiveness of these procedures, therefore, results from the fact that they will effectively stain both nucleic acids and polysaccharides in bacteria without staining milk proteins to any extent. The high affinity of toluidine blue 0 and azure A for nucleic acids undoubtedly accounts for their superior performance in these staining procedures.
These procedures were developed specifically for nonfat dry milk but they have proved excellent for examination of fresh whole milk. They have also been applied successfully to egg products. Materials containing appreciable fat were defatted for 1 min in xylene before carrying out the rest of the procedure.
Direct microscopic clump counts of nonfat dry milk samples stained by the methods just described were compared with those obtained from North's aniline oil-methylene blue stain. One preliminary experiment run on the effect of heating bacteria in milk on their subsequent recovery is worth mentioning. In this experiment, psychrophylic rods from a culture grown in milk at refrigerator temperature were mixed into a sample of fresh whole milk. One portion was heated at 60 C for 30 min, a second at 100 C for 30 min, and the third was unheated. Smears were prepared from all three and examined microscopically. Staining by the aniline-oil methylene blue showed cells fairly well in the unheated sample, but there were distinctly fewer in the samples heated at 60 C and virtually none visible in the sample heated at 100 C. The periodic acid-SOrtoluidine blue 0 stain demonstrated bacteria well in the unheated and 60 C samples. They could also be seen in the original numbers in the sample heated to 100 C, although in this case they were rather lightly stained.
Direct microscopic counts showed somewhat better recovery of bacteria by the periodic acid-S02-toluidine blue 0 stain even in the unheated sample and, of course, much higher recoveries in the heated milk. These results suggest that the new procedures may greatly improve recovery of bacteria in some cases.
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SUMMARY
The periodic acid-Schiff staining procedure was successfully applied to the staining of bacteria in milk. Azure A and toluidine blue 0 were found to be markedly superior to other dyes in the Schiff-type reagents used to stain milk smears. A more convenient variation of the usual Schiff procedure was developed in which the smear, after periodic acid oxidation, is treated successively with sulfurous acid solution and dye solution. The latter has the advantage that the reagents are stable indefinitely. Both procedures effectively stain bacteria in milk while leaving the background almost colorless. Direct microscopic clump counts of smears stained by the new methods and by North's aniline oil methylene blue stain were compared and generally agreed well. One experiment showed better recovery of psychrophylic rods in heated whole milk. Smears stained by these new methods are considered to be easier to count because they provide much better contrast between bacteria and background than is found in smears stained with standard milk stains. Other uses of the new stains are being investigated.
